Technical  Report  ARWEC-TR-97002 


_AD _ 

AD-E402  802 


REPLACEMENT  OF  FIRST  FIRE  COMPOSITION  IN  M127A1 
GROUND  ILLUMINATION  SIGNAL 


Russell  N.  Broad 


December  1997 


US  ARMY 

TANK  AUTOMOTIVE  AND 
ARMAMENTS  COMMAND 


ARMAMENT  RDE  CENTER 


U.S.  ARMY  ARMAMENT  RESEARCH,  DEVELOPMENT  AND 

ENGINEERING  CENTER 

Warheads,  Energetics  &  Combat-support  Armaments  Center 

Picatinny  Arsenal,  New  Jersey 


Approved  for  public  release;  distribution  is  unlimited. 

19980410  081 


DTIC  QUALITY  BISFECJTED  a 


The  views,  opinions,  and/or  findings  contained  in  this 
report  are  those  of  the  authors(s)  and  should  not  be 
construed  as  an  official  Department  of  the  Army  posi¬ 
tion,  policy,  or  decision,  unless  so  designated  by  other 
documentation . 

The  citation  in  this  report  of  the  names  of  commercial 
firms  or  commercially  available  products  or  services  does 
not  constitute  official  endorsement  by  or  approval  of 
the  U.S.  Government. 

Destroy  this  report  when  no  longer  needed  by  any  method 
that  will  prevent  disclosure  of  its  contents  or  recon¬ 
struction  of  the  document.  Do  not  return  to  the  origi¬ 
nator. 


REPORT  DOCUMENT  PAGE 


Form  Approved 


"ill  I  MiEJj 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instruction,  searching  existing 
data  sources,  gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate 
or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Informa¬ 
tion  Operations  and  Reports,  12115  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork 
Reduction  Project  (0704-0188),  Washington,  DC  20503.  _ 

I .  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

_ December  1997 _ _ 

4.  TITLE  AND  SUBTITLE  5.  FUNDING  NUMBERS 

REPLACEMENT  OF  FIRST  FIRE  COMPOSITION  IN  M127A1  GROUND  - 
ILLUMINATION  SIGNAL _ 

6.  AUTHORS 

Russell  N.  Broad 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES)  8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

ARDEC,  WECAC 

Energetics  &  Warheads  Division  (AMSTA-AR-WEE-F) 

Picatinny  Arsenal,  NJ  07806-5000 

9.  SPONSORING/MONTTORING  AGENCY  NAME(S)  AND  ADDRESS(ES)  10.  SPONSORING/MONITORING 

AGENCY  REPORT  NUMBER 

ARDEC,  WECAC 

Information  Research  Center  (AMSTA-AR-WEL-T)  Technical  Report 

Picatinny  Arsenal,  NJ  07806-5000  ARWEC-TR-97002 

II.  SUPPLEMENTARY  NOTES 


12a.  DISTRIBUTION/AVAILABILITY  STATEMENT  12b.  DISTRIBUTION  CODE 

Approved  for  public  release;  distribution  is  unlimited. 


13.  ABSTRACT  (Maximum  200  words) 

A  study  was  conducted  to  replace  the  first  fire  composition  in  the  M127A1  ground  illumination  signal. 
The  original  first  fire  composition  contained  tetranitrocarbazole,  a  sole  source  material,  and  barium  ni¬ 
trate,  a  toxic  material.  Program  costs  were  minimized  by  choosing  a  presently  used  first  fire  composi¬ 
tion  as  a  replacement.  A  data  base  of  such  compositions  was  created.  It  was  used  to  pick  candidate 
replacement  compositions.  The  compositions  were  loaded  into  illuminant  assemblies  and  tested  stati¬ 
cally.  Results  from  this  test  showed  that  Starter  Mix  (SM)  XXV  was  the  best  candidate  composition.  It 
was  loaded  into  complete  signals  that  underwent  ballistic  testing.  Signals  with  SM-XXV  met  all  applica¬ 
ble  Military  specification  requirements.  The  success  of  the  program  justified  the  approach  of  choosing 
a  currently  used  first  fire  composition. 


14.  SUBJECT  TERMS 

First  fire  Igniter  Tetranitrocarbazole 

Illuminating  Candlepower  Illuminant 

Colored  signal 

15.  NUMBER  OF  PAGES  22 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 

18.  SECURITY  CLASSIFICATION 

19.  SECURITY  CLASSIFICATION 

20.  LIMITATION  OF  ABSTRACT 

OF  REPORT 

OF  THIS  PAGE 

OF  ABSTRACT 

UNCLASSIFIED 

UNCLASSIFIED 

UNCLASSIFIED 

SAR 

NSN  7540-01-280-5500  Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std  Z39. 1 8 
298-02 


CONTENTS 


Page 

Introduction  ..  1 

Technical  Approach  '  i 

Result  2 

Composition  Data  Base/Selection  of  Candidate  Compositions  2 

Static  Tests  of  Candidate  Compositions  2 

Ballistic  Testing  for  Prove  Out  of  New  First  Fire  Composition  3 

Conclusions  3 

Recommendations  4 

References  17 

Distribution  List  19 

TABLES 

1  Formulations  for  pyrotechnic  first  fire  compositions  5 

2  Database  for  first  fire  and  pyrotechnic  compositions  6 

3  Candidate  first  fire  compositions  1 1 

4  Static  tunnel  (ARDEC)  data  for  various  illuminant  assemblies  12 

5  Static  tunnel  (LHAAP)  data  for  standard  and  candidate  illuminant  assemblies  13 

6  Ballistic  data  for  signals  conditioned  at -65°F  14 

7  Ballistic  data  for  signals  conditioned  at  70°F  1 5 

8  Ballistic  data  for  signals  conditioned  at  165°F  16 

i 


INTRODUCTION 


The  pyrotechnic  first  fire  compositions  covered  by  MIL-P-48240  are  used  on  a  wide  range  of 
colored  signals  and  illuminating  projectiles.  There  are  three  of  these  compositions,  each  formu¬ 
lated  to  give  a  distinctive  color.  Table  1  give  the  formulations  for  these  compositions.  TNC  is  a 
common  constituent  of  these  compositions.  TNC  was  first  synthesized  in  the  late  1800s  and  found 
use  in  pyrotechnics  in  World  War  II  (ref  1).  Picatinny  Arsenal  investigafed  its  use  as  a  first  fire 
constituent  in  the  early  1950s  (ref  2).  It  is  considered  an  explosive  material.  Upon  ignition  it  pro¬ 
duces  considerable  energy  and  essentially  gaseous  products.  These  properties  enable  the  first  fire 
compositions  to  ignite  illuminating  and  signal  compositions.  The  first  fire  compositions  are  either 
pressed  on  top  of,  or  brushed  onto,  the  surfaces  of  illuminating  and  signal  compositions  pressed 
into  canisters  or  sleeves.  The  first  fire  compositions  are  initiated  by  expelling  charges  or  ignition 
compositions.  Through  the  years,  the  first  fire  compositions  have  given  reliable,  consistent  per¬ 
formance. 

In  the  early  1990s,  the  availability  of  TNC  became  uncertain  because  its  sole  producer  did 
not  want  to  manufacture  it  anymore.  Although  another  company  picked  up  production,  availability 
could  not  be  guaranteed.  TNC  has  no  commercial  market  and  the  military  market  has  declined 
dramatically.  The  resulting  low  demand  make  its  production  marginally  profitable.  Thus,  there  is 
little  motivation  to  continue  its  production.  This  situation  led  to  execution  of  an  engineering  study  to 
eliminate  use  of  TNC.  A  secondary  purpose  of  the  engineering  study  was  the  replacement  of 
barium  nitrate  in  the  igniter  compositions.  This  material  is  in  two  of  the  pyrotechnic  first  fire  com¬ 
positions.  Like  all  water  soluble  barium  salts,  it  has  high  acute  toxicity.  Further,  disposal  of  waste 
containing  it  is  relatively  expensive  because  it  cannot  be  landfilled.  This  report  describes  the 
results  of  the  engineering  study. 


TECHNICAL  APPROACH 

One  approach  to  remove  TNC  could  have  been  reformulating  the  first  fire  compositions 
without  it.  This  would  have  resulted  in  novel  compositions.  The  approach  taken,  however,  was 
replacement  of  the  three  first  fire  compositions  with  a  pyrotechnic  composition  that  was  presently 
being  used  on  other  items.  The  advantages  of  this  approach  follow.  First,  it  minimized  testing 
required  for  qualification  since  a  presently  used  composition  had  a  history  associated  with  it.  This 
included  functioning  performance  in  various  end  items,  environmental  considerations,  cost  and 
data  on  storage  stability,  safety,  thermodynamics,  and  kinetics.  Second,  manufacturing  pro¬ 
cedures  and  drawings  already  existed  for  the  composition.  Third,  use  of  one  first  fire  composition 
would  simplify  manufacturing  since  one  batch  of  composition  could  be  used  for  various  items, 
regardless  of  the  items’  signal  or  illumination  colors. 

One  possible  drawback  to  this  approach  was  the  elimination  of  first  fire  compositions  that 
were  tailored  to  the  illuminating  or  signal  composition  color.  Several  individuals  knowledgeable  in 
the  field  use  the  colored  signals  revealed  that  the  color  of  the  first  fire  flash  was  insignificant  in 
affecting  an  observer’s  ability  to  distinguish  illuminant  or  signal  colors.  The  flash  of  the  first  fire  is 
of  very  quick  duration  (<500  ms)  compared  to  the  bum  time  of  the  illuminants  or  signals  (  >25  sec). 
Thus,  elimination  of  the  color  requirement  for  the  first  fire  compositions  was  of  no  concern  and  this 
approach  was  pursued. 
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The  program  was  conducted  in  three  phases.  First,  other  presently  used  pyrotechnic  com¬ 
positions  were  identified  and  pertinent  data  was  collected  on  them.  For  maximum  flexibility,  we  did 
not  confine  our  search  to  only  igniter  and  first  fire  compositions  (henceforth  we  will  use  the  term 
first  fire  to  apply  to  igniter  compositions  as  well).  A  data  base  was  created  from  which  the  best 
candidate  compositions  were  selected.  Second,  static  functioning  tests  were  performed  on 
illuminant  assemblies  which  contained  the  candidate  first  fire  compositions  and  the  standard  first 
fire  compositions.  These  tests  determined  if  the  candidate  replacement  compositions  would  have 
any  adverse  affect  on  the  static  requirements  for  the  illuminating  assemblies.  Third,  items  were 
loaded  with  both  the  candidate  replacement  composition  and  the  standard  first  fire  composition, 
and  underwent  first  article  ballistic  testing. 


RESULT 

Composition  Data  Base/Selection  of  Candidate  Compositions 

Identification  of  presently  used  first  fire  compositions  was  begun  by  generating  a  list  of 
drawings  that  contained  words  igniter,  ignition,  and  first  fire  in  their  titles.  These  drawings  were 
then  obtained.  A  second  source  for  such  compositions  was  reference  3.  This  procedure  ensured 
that  the  vast  majority  of,  if  not  all,  presently  used  first  fire  compositions  were  identified.  With  this 
information,  a  minimal  data  base  that  included  first  fire  formulations  and  common  names  was 
created.  Further  information  was  then  added.  This  included  impact,  electrostatic  and  friction  sen¬ 
sitivity  data,  hazard  class,  heat  of  reaction,  autoignition  temperature,  bum  rate,  cost  per  pound,  and 
qualitative  ranking  of  toxicity.  Not  all  of  his  data  could  be  obtained  for  every  composition.  The  data 
base  is  shown  in  table  2.  The  references  for  the  various  data  are  cited  in  the  table. 

Criteria  were  developed  to  select  the  most  promising  candidate  replacement  compositions. 
Criteria  included  toxicity,  cost,  sensitivity,  availability  of  constituents,  history  of  problems,  and 
burning  characteristics.  It  was  decided  to  eliminate  those  that  would  be  least  likely  selected.  The 
first  criterion  for  elimination  was  presence  of  acutely  toxic  or  carcinogenic  constituents.  This 
included  barium,  lead  salts,  and  chromates.  This  consideration  eliminated  many  of  the  composi¬ 
tions  shown  in  table  2  as  candidates.  The  remaining  compositions  were  eliminated  because  of 
safety  or  processing  issues,  autoignition  temperatures  exceeding  500°C  (ref  4),  or  other  con¬ 
siderations  such  as  cost.  Since  the  first  fire  compositions  are  in  contact  with  the  flash  from  expel¬ 
ling  charges  for  short  duration’s,  they  must  reach  their  autoignition  temperatures  quickly.  This  is 
more  easily  accomplished  if  the  autoignition  temperature  is  relatively  low.  The  remaining  composi¬ 
tions,  which  were  chosen  as  candidates,  were  Starter  Mix  XXV,  IM-6,  and  1-548  (no.  10,  34,  and 
40,  respectively  in  table  2).  Table  3  shows  further  detail  on  these  compositions. 

Static  Tests  of  Candidate  Compositions 

Composition  1-548  was  dropped  from  consideration  because  the  required  grade  of  calcium 
resonate  could  not  be  obtained  easily.  Only  starter  Mix  XXV  and  IM-6  were  evaluated  statically. 
Table  4  is  a  matrix  of  assembly  types  and  quantities  statically  tested.  Assemblies  with  the  standard 
first  fire  compositions  served  as  controls.  The  choice  of  assemblies  was  based  upon  the  items 
planned  for  the  qualification  tests.  In  turn,  the  choice  of  items  was  based  upon  what  items  would 
be  in  production  during  the  duration  of  the  program. 


2 


The  required  parts  for  the  assemblies  were  ordered  and  tooling  was  fabricated  for  loading  the 
assemblies.  The  Pyro  Systems  Branch  of  the  U.S.  Army  Armament  Research,  Development  and 
Engineering  Center  (ARDEC),  Picatinny  Arsenal,  New  Jersey  mixed  all  the  pyrotechnic  composi¬ 
tions  and  loaded  all  the  assemblies  used  in  the  static  tests.  The  Branch  also  conducted  all  the 
static  tests  in  its  own  flare  tunnel.  Table  5  is  a  roll  up  of  averaged  static  test  parameters  for  the 
assembly/first  fire  combinations  tested. 

The  efficiency  data  shows  that  SM-XXV  offers  significantly  better  performance  over  IM-6  for 
the  M125A1  and  M127A1 ,  while  the  IM-6  is  much  better  for  the  M158.  They  are  nearly  equal  for 
the  M583A1 .  SM-XXV  was  better  than  the  standard  first  fire  for  all  items  except  the  M583A1 .  Here, 
the  standard  was  approximately  13%  higher.  Based  on  this  static  data,  as  well  as  SM-XXV’s  lower 
cost,  we  decided  to  test  SM-XXV  in  the  ballistic  testing. 

Ballistic  Testing  for  Prove  Out  of  New  First  Fire  Composition 

In  consultation  with  ARDEC’s  Product  Assurance  and  Test  Directorate,  a  test  plan  was 
drafted  for  ballistic  testing.  The  ballistic  test  consisted  of  functioning  tests  at  conditioning  tempera¬ 
tures  specified  in  the  military  specifications.  Additionally,  some  illuminant  assemblies  from  the  lot 
used  for  the  ballistic  test  were  statically  tested.  Quantities  were  per  first  article  requirements.  This 
minimal  amount  of  testing  was  justified  since  changing  the  first  fire  would  in  no  way  affect  the 
hardware  and  other  energetic  material  fills  in  the  item. 

The  ballistic  tests  were  conducted  by  Thiokol  Corporation  at  Longhorn  Army  Ammunition 
Plant  (LHAAP).  During  the  time  period  in  which  static  testing  at  ARDEC  concluded  and  ballistic 
tests  begun,  numerous  production  lines  were  closed  at  LHAAP.  Startup  of  these  lines  exclusively 
for  this  program  would  have  been  prohibitively  expensive.  Consequently,  only  the  M127A1  signal 
experienced  ballistic  testing. 

Thiokol  loaded  the  items  per  the  technical  data  package  requirements  and  performed  testing 
per  the  Scope  of  Work.  Table  6  shows  their  static  burn  data.  The  candlepowers  measured  at 
LHAAP  were  higher  than  ours;  this  was  due  to  differences  in  the  tunnels  arid  test  procedures.  As 
expected,  the  candlepower  achieved  with  SM-XXV  was  higher  then  FF-I.  Since  exact  illuminant 
weight  data  was  unavailable,  efficiencies  are  not  reported.  Table  7  presents  the  ballistic  (flight) 
data.  The  data  shows  that  aside  from  two  failures  at  70°F,  all  signals  met  the  requirements.  One 
failure  was  non-expulsion  of  the  signal;  the  other,  failure  of  the  round  to  expel.  Neither  was  related 
to  first  fire  function.  The  only  ballistic  parameter  that  could  have  been  possibly  affected  by  the 
change  in  first  fire  was  the  bum  time.  The  differences  between  the  signals  with  FF-I  and  SM-XXV 
for  this  parameter  were  small  and  within  the  standard  deviations  at  all  temperatures. 


CONCLUSIONS 

The  success  of  the  project  vindicated  the  selected  approach.  Choosing  a  presently  used 
igniter  composition  kept  the  cost  and  technical  risks  of  the  program  as  low  as  expected.  The  need 
for  extensive  testing  above  first  article  requirements  was  eliminated. 
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RECOMMENDATIONS 


Other  items  incorporating  igniter  compositions  with  sole  source,  toxic,  or  environmental/ 
objectionable  constituents  should  be  evaluated  for  igniter  replacement.  Programs  to  achieve  this 
objective  would  be  of  minimal  scope  since  they  would  have  the  data  base  of  igniters  generated  in 
this  program  as  a  starting  point. 
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Constituent 
Barium  nitrate 

Strontium  nitrate 

T  etranitrocarbazole 
Silicon 

Zirconium  hydride 

Polyvinyl  chloride 

Laminae  41 16  +  1% 
Lupersol  DDM  catalyst 
Color  requirement 


Table  1 

Formulations  for  pyrotechnic  first  fire  compositions 


Nominal  weight  percent 


Requirements 
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10 
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4 
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Table  2 

Database  for  first  fire  and  pyrotechnic  compositions 


1 

X  1 

1 

—  1 
U  1 
—  1 
X  1 
0  1 
h-  I 

1 

N  ^ 

16  1 

to  o 

CL  1 

X  o 

£  1 

X  o 

0  1 

C  V 

CJ  t 

o 

l 

o 

1 

<c 

CL  t 

tfi  H 

E  1 

a-  O 

a-  i 

«■  X 

K  1 

L  0 

a>^/ 

o«  1 

«>  3 

~  1 

O  <1 

l 

u  cn 

1 

*«  X 

rt  1 

CL  - 

fr  t 

M-  <« 

•\ 

X  l 

0  u 

j 

1 

1 

C 

1 

»P  3 

1 

i 

C  0 

x  l 

sz 

CD  1 

CO 

-*-•  1 

CD 

u  t 
rf  1 

C 

Cl  1 

— 

O 

E  l 

<r 

•H 

— «  l 

a 

4J 

1 

u. 

•H 

CL  I 

X 

CD 

■  1 

— 

0 

U  1 
—  1 

o 

a* 

a 

L  t 

6 

IL  1 

W 

O 

^  1 

c 

o 

1 

o 

^  1 

u 

o 

■  1 

X 

•f-l 

rt  1 
^  1 

c 

0  ~ 

c 

CO  1 

u  Z 

43 

•  1 

C  ID 

O 

UJ  1 

ID  ^ 

Q) 

**  1 

n 

U 

tP  1 

-j 

o 

O  1 

X 

U 

u  ; 

& 

>> 

. 

a 

a 

E 

03 

: 

a> 

o 

o 

a 

Cl 

qj 

X 

M- 

H 

o 

a)  . 
u 

: 

*> 

c 

mr4 

c 

«L 

vw 

a> 

U 

D 

L 

0) 

4-J 

0 

CL 

CO  * 

U 

CO 

>W  - 

■  _ 

4-1 

U  . 

£. 

C 

4) 

o 

a> 

O 

4-1 

■o 

c 

c 

ft> 

0) 

CO 

CD 

CL 

CO 

43 

cO 

4J 

*• 

CO  »  * 

a 

a> 

D 

c 

0> 

u 

CM 

T> 

L 

•D 

CL 

0) 

<Z 

■w 

CO 

E-»  * 

C 

c 

0) 

16 

u 

XX 

L 

a* 

X 

CL 

O 

£ 

;  •; 

c 

‘  '• 

fit 

u 

£. 

•> 

ft 

3 

OL 

L. 

0 

- 

z 

1  X 

i  o 
I  H 


t  o 
i  Z 


i  \ 
i 

>  a 


w  i 
\  i 
a  i 


t  — .  )  —  i  — 


i  »-«  r  — ■  i  — • 

N  i  \  !  \  !  \ 


—  »  co 

•  i  * 

x  !  x 


1  CD 
I 

I  in 


L  . 

I  err 
i  Z 
i  X 


(0  r- 
01  oj 


<r  ~ 

-  X  CK 

~  o  * 

z^»_ 

X  X  CO  CO 
C-  —  —  c. 

o  Z  X  * 
«T  T3 
CO  x\  c 
*  c.  'O  — 
D  ON  O 


1  Ci 

I  o 

l  Z 


~  CO  — 
—  •  at 
—  U  ~ 
*  X  3 

X  v  (I)  •- 

—  -  o 

Z  x  O  CO 

\  • 

L  CD  X) 

O  X  •  c 

L  '0  — 

OO-DD 


—  i  m- 

CD  I  — 

—  I  CM 


^  1 
(0  I 
—  I 


a:  i 
Z  • 
\  i 


o  i 
Z  i 


-*-1  i 
a  i 
*o  I 


t 

<r  i  <r 
o  i  o 

U  X  o 
x;  i 

X  i  X 

CM  t  OJ 
—  I 
CO  «  CO 
*  t  O 

-!  5 

tfi  I  16 
|  CD 
a.  I  *•' 
o  l  o 
to  i  to 
X  i  X 


+*  I  — 
o.  i  <r 


X  -  O  I 

I  to  to  o  I 

I  X  X  2  * 

I  o  to  (0  t 

I  —  *  *  I  I 

x  «  x  a:  n  ce  ■  x  a 

O  I  O  <1  O  <c  J  I  o 

t-  I  f-OIUW  I  z 

^ i - i D-n i n 

.1  •  i  ...  i  - 

—  X  ~  I  —  —  —  1  — 

S  j  -V  j  NNV  j  % 

o  1  <r  I  to  CD  1  CD 


I 

I 

I 

I  CM 

OlftO  I  'O 

in-o  i  n 

I  A 


CO  I  <3" 
10  I  • 
•  I  CM 
K  l  CM 


I  — 
I  * 

I  CO 


CP  \  CD 

-!" 
M>  I  \ 
CM  I  10 
X  I  • 
«•  f  in 

C0  l  CM 


I 


CD  CO 

o  o 
X  X 
CD  CD 
L)  O 


!  I 

I  CC 
I  Z 


16  '0 
—  o 

CL  <X 


!  5 


z  . 

O' 


1 

I 

<3-  C  l 
O  0  i 

O  M-  I 
«S  ft  I 

m  h*  i 


i 

*  i  =>  - 

c  a>  i  — 

4  ffi  I  I  O'©-" 
—  I  CO  -4  CO  3 

LLOlO  I  *  *  X  ~ 

\-<©  I  Ov  -  o 

U.  I  H  CO 

Ll  1  ^  X 

—  I - L 


X  O  t  O  1 

»  z  «  z 

fOI—l  — 

»  I  -  I  • 

—  !~l  — 

X  I  X  I  X 


i  o  i  r-  I 

CK  I  CD  I  CM  I 

m  i  n  i  on 


»  CP  I 

I  £  I 

1  N 


t 

£L  i 

Z  I 
X  • 
0L  t 
Z  I 


a:  i  ai  t 
z  i  u  i 
X  I  X  I 
a:  i  ai  i 


i  i  in  » 

I  1ft  t  N  I 

1  CM  I  —  I 

I  SD  I  O  I 

I  -  I  -  I 

t  —  I  o  I 


I  CM  I  O' 
|  .  |  . 
I  —  I  N 


X  1  —  I  U  I 


Ll_  I  CL  I  U-  I 


1  C  I  I 


16  I  *3-  I  I 

CD  I  O  I  <M  I 

“  I  W  I  O  I 

o  I  £>  I  X)  I 

—•  I  CL  I  0.  I 

XI  I  I 

m  i  o  i  o  i 

in  i  in  i  <x  i 


i  ~  i  i 

i  in  i 
i  cm  I  CD  I 


6 


Table  2  Database  for  first  fire  and  pyrotechnic  compositions 


i 

I 

l 

i 

j 


i 

i 

i 


i 

| 


-•  1 

a: 

(0 

1  II 

CO  CO  || 

a 

1 

1  1  to  1 

CO 

—  1 

* 

z> 

1  X-  II 

G  =>  || 

1 

I  -*-•  1  1 

-3 

<_)  i 

* 

(0 

1  x  11 

to  u  co  ii 

o 

1  o 

i  a 

1  X  1  (ft  1 

to 

X  X 

•-  1 

* 

1  CD  1! 

■  —  •  ii 

l  * 

1  Ol  1  *  1  * 

* 

a  ro 

i  —  ii 

n 

a:  x  ro  ii 

V 

X 

1  X 

1  o 

l  X 

a 

j  -  i  ro  i  g 

1  Cj  1 

ro 

a 

—  *— 

O  1 

* 

o  <x 

t  -J  11 

o 

<t  o  <r  n 

n 

o 

1  o 

1  o 

1  o 

o 

i  «—  i  <r  t  cd 

1  O  1 

C 

o 

F  1 

* 

z  o 

1  to  II 

z 

UHO  11 

« 

F 

1  F 

1  z 

1  F 

z 

i  to  i  cj  i  r 

1  Z  1 

L3 

Z 

to  03 

~  1 

N 

— 

1  CO  11 

_ 

II 

rt 

to 

1  CO 

1  — 

|  CO  |  _  !  _ 

1  — •  I 

CO 

— 

rt  1 

rt  o 

1  *  » 

II 

u 

1  • 

X  o 

1  —  II 

II 

i : 

\  o  # 

x 

1  V  II 
■  II 

X 

II 

n 

ii 

n 

\ 

j  \ 

1  \ 

1  \  1  \  t  \ 

1  CD  1  1  O 

t  N  ‘ 

X 

o  i 

CD 

a 

1  CD  || 

o 

u 

1 

CD 

1  1  1 

t  Q  1 

CD 

CD 

t 

o 

1  II 

n 

a 

1  CM 

I  t  1 

i 

Ql  1 

1  11 

1  II 

u 

ii 

n 

it 

1 

•r  !  !  L' 

!  tn  \ 

£  t 

1  H 

ii 

n 

1  CO 

in 

r  i  i  a- 

l  M>  1 

o>  | 

Or  \ 

1  It 

ii 

1! 

i  <r 

i  i  i  ft 

i  in  t 

F  i 

c_  O 

i  n 

u 

II 

i  \ 

i  i  i  tn 

1  X  1 

I  O-  II 

M3 

n 

n 

1  *3" 

1  M3 

co 

1  N  1  CD  1  v 

I  o  l 

in 

X 

X  o 

m  t 

i  tn  ii 

x 

ii 

li 

fv 

1  — 

1  N 

N 

i  cj  i  —  i  ro 

1  O  1 

X 

co 

CD  CD 

—  1 

Q  <£ 

i  x>  ii 

sT 

li 

to 

1  M- 

1  ST 

M3 

1  S3-  |  ^  1  2 

1  ST  t 

CO 

CM 

CM  X 

1 

u  o> 

i  li 

n 

1! 

1 

i  i  i 

•M  | 

l  li 

n 

1 

1 

t  I  l 

ro  -- 

i  ii 

O 

ii 

ii 

in 

1  M3 

1  On 

1  © 

1  O  1  M>  1 

1  ©  1 

H-  4 

i  ii 

CD 

n 

1! 

m 

i  in 

i  in 

1  CD 

i  tn  t  (k  i 

1  M3  1 

X  1 

O  O 

i  n 

•o 

ii 

II 

to 

1  CM 

I 

t  CO 

t  tn  t  co  i 

1  —  1 

1 

1  c  | 

C  C  C  II 

II 

c 

I  C 

1  c 

\ 

I  o>  t  c  t 

O' 

— - 11 

1 

i  — 

C 

i  El  —  I 

J 

i  \  i 

X 

1  \ 

I  \ 

1  X  1  \  1 

E 

1 

i  ft  i 

v>  *Si  VI  n 

l 

in 

*  m 

1  wi 

M3 

I  ft  1  ft  1 

X 

1 

<£  0 

i  tn  i 

I 

M- 

1  in 

1  CO 

1  M3  1  O  1 

ft 

ro  1 

*  X 

i  •  i 

■NN  I 

1  • 

tot  ■  1 

in 

CO  1 

*  CO 

i  M3  i 

00  -  ~  tl 

ii 

V 

i  — < 

1  CM 

1  •  1  —  1 

* 

1 

1  UJ  1 

n 

UJ 

1 

M3 

1  1  1 

u  1 

1  o  | 

o 

1 

n  i 

t  m  i 

i 

ro 

1 

O 

1  1  1 

ro 

i  j 

i 

in 

1 

sT 

t  1  1 

LU 

P  1 

|  o  | 

i 

^-4 

1  o 

i  in 

1  T  1  CO  1 

i  ro  i 

co 

in  M> 

-  ! 

CL 

i  -  ii 

Ol 

D 

A 

1  — 

i  -« 

A 

1  CM  1  CM  l  (X 

1  | 

CM 

00 

CO  — 

>  n 

n 

l 

ft 

I  1  1 

a: 

ro  ro 

n.  i 

i  i 

DC 

i 

i 

1 

N  XI 

i  i  i  ro 

ro 

z 

7  Z 

i  ro 

z 

i 

i 

o: 

i  cs: 

i  ro 

rv  — 

i  ro  i  ro  i  z 

7 

X 

X  X 

i  Z  l 

\ 

i 

i 

Z 

t  Z 

M- 

1  Z  1  Z  1  N 

X 

iR 

ft  u< 

t  \  l 

rt 

i 

i 

\ 

i  \ 

CM  * 

1  \  l  X  1  ^ 

ft 

CL  Cl 

i 

i 

ro 

i  ro 

1  CD 

t  ffi  1  CD  1  Cl 

i  ro  i 

CL 

CL 

c  c 

u.  i 

CO 

I  o 

O 

ii 

i 

z 

1  z 

r  a 

i  o  i  a.  i  co 

1  Z  1 

CO 

to 

to  to 

^  i 

c 

t  I 

i 

i 

i  i  i 

->  i 

o 

t  I 

i 

n 

~  i 

a 

\ 

i  i 

i 

i 

1 

i  sr  i  ro  i 

m 

i 

i 

1  <3- 

1  CM  1  —  1  CO 

1  z  1 

O  /-V 

i 

i 

i 

1  CM 

i  ©  i  ©  i  ro 

1  03  I 

in 

in 

in  in 

CO  1 

u  H 

i  ro 

X 

i 

i 

1  — 

1  o  t  ©  1  CM 

1  ©  1 

CM 

o 

CM  O 

•  1 

i  \  l 

i 

i 

UJ  1 

3  - 

I  Z 

x 

1  O 

A 

1  O  1  O  1  o 

l  — .  1 

’■* 

o 

o  © 

+>  ( 

J3 

1  O' 

CO  N  1 

ro  v  cm 

tM 

i  in 

I  (0 

1  N 

CM 

1  1  M3  I 

in 

X 

m  i 

_l 

1  © 

N  <  <  I 

N  •  •  1 

CD 

1  M3 

t  ■ 

ft 

l  M3 

CD 

1  O'  1  •  I 

O' 

CK 

1  * 

*  —  <3-  1 

■ 

1  CK 

0 

i  M)  i  tn  I 

O  1 

1  - 

CO  CO  <0  | 

CO  —  — 

O 

1  O 

1 

u 

I  — 

CO 

1  ^  t  CM  1 

-* 

in 

| 

CO 

1  Z> 

t 

I 

L 

1  1  1 

1  X 

1 

<r 

-  <r 

< I  <1 

<1 

1  X 

o 

t  1_ 

1  1  CM  1  CM 

1  £_  1 

1 

to 

<t 

<E  CD 

CO  CO 

V- 

1  Cl 

1  ft  f 

sT  M3 

l  Z 

CM 

rv 

oo  in 

co  co 

o 

1  X 

1  z 

1  <r  1  M3  1  CO 

X 

ro 

o 

1  o 

CM 

in  — 

in  tn 

CM 

1  clT3 

M) 

1  ■— <  1  — «  I  PJ 

CM 

sr 

CK  co 

1  CO 

—  -  -  •  1 

z 

-  r 

Z  Z 

Z 

1  r 

1  CO 

ft 

1  C 

1 

(<11111 

1  C  1 

in 

in 

X 

LL 

i  u. 

Li. 

-  U.  LL  Ll  | 

XL 

Ll 

LL  IL 

IL  LL 

El 

1  Ll 

1  1 

ft 

1  O 

r 

i  i  i  a.  i  — 

1  O'  1 

i 

i 

I  i 

1- 

o 

IL 

t  u.  11  IL 

«— >  L_  LL  LL  | 

Ll 

LL 

IL  LL 

Ll  Ll 

IL 

l  Ll 

1  — 

3 

1  — 

*"* 

T  «  1  O  1  ID 

1  «—  t 

*■* 

M  1- 

i 

n 

ii 

1 

1  1  1 

1 

i 

i  it 

II 

I 

ft 

1  t  1 

1 

c 

t 

■ 

.  • 

1 

n: 

1  1  1 

C  1 

ft 

i 

«> 

1  a> 

1 

3 

I  1  1 

ft  1 

u 

i 

I 

n  u 

1  u 

1 

>  1  1 

:>  1 

(- 

t 

1 

<X 

t  <X 

1 

t  1  1 

• 

i 

0 

X 

! 

1 

X3 

1  l  1 

O  1 

0. 

t 

LU 

1  o 

l  o 

1 

1  t  I 

CO  1 

i 

z 

cx 

1  Os 

1 

1  1  I 

I 

i 

Ci 

ft 

ft  ft 

I 

\ 

1  1  1 

1  M3  1 

1 

| 

a 

1  CJ 

1 

1  *o  1  1 

i 

ft 

ft 

ft  ft 

t. 

Z 

t  Z 

1 

o 

<r 

1  ft  1  1  M3 

t 

c. 

c 

L.  U 

a> 

1 

o 

l  TJ  |  l  — 

1  1 

c 

i 

<r  vr  rr 

o 

1  o 

» 

c 

I  T3  1  l  — 

!  e  » 

ft 

i 

i  ro 

O' 

0 

1  «  1  1  ST 

1  K  1 

ft 

u 

i 

E  E  £ 

Z 

Z 

z  z 

ft 

w 

t  <E 

1  1  1  £ 

t  -J  1 

TJ 

c. 

I 

rt  n  n 

1  - 

i  <r  +6 

i  ro  i  i  t6 

c 

a* 

J  J  J 

— 

CL 

ro 

I  CO 

i  :> 

> 

t  <r  i  i  -j 

t  tL  1 

— 

CL 

i 

ft 

ft 

ft  ft 

t 

c» 

i  <r  i  i 

CO 

i 

tn  <5- 

u 

o 

CJ  o 

in 

— 1 

i 

i  — 

M3 

i  >  i  i  in 

i  tn  t 

. 

i 

n 

i 

- 1  i  i 

i  ro  i 

i 

ft 

_ 

X) 

Qr 

i 

• 

1 

i 

c 

t  i  i 

t  M>  t 

ft  t 

—  - 

1  CD 

CO 

CO  CD 

i 

0 

i  i  i 

t  Ll  i 

L 

X 

4h*  | 

DO  1  O  1 

M) 

M3  M3 

i 

— 

t  t  i 

1  u  t 

CD  X 

F 

ft  1 

— 

X 

C 

- | 

^ 

1  U- 

TU- 

LL  Li 

i 

1  £  1  1 

t  —  1 

X 

a 

X 

■w  1 

u 

0 

X  1 

CL  0- 

1 

i 

1  |  | 

1  c  l 

ft 

rt  I 

e> 

rt 

in  co 

1  u 

u 

U  U 

X 

i 

1  L  1  1 

1  O  1 

Cl 

X 

C  1 

> 

c 

X 

rt  \ 

1  — 

L. 

i 

o 

1  as  f  i 

1  L  1 

ro 

F 

Or 

ft 

I  c 

c 

c  c 

L. 

t 

3 

1  UJ  I  I 

1  3  1 

« 

Vi  I 

u 

X  CD  CD  1 

o  o  o 

1  0 

o 

o  0 

3 

i 

V 

1*1  1 

CJ 

ft  1 

c 

1 

Z  2  Z 

1 —  l —  1— 

1  L. 

c 

L  L 

i 

1  G  1  I 

1  CL  t 

co  ro  i 

*0 

a. 

tn  tn  co  i 

|  3 

3 

3  3 

CO 

i 

T3 

1  1  1 

i  in  i 

1 

T) 

0- 

•  1 

©  o  o 

| 

i 

l  ©  I  1 

cv) 

X 

rt  1 

<L 

'O  N  N  1 

Ol 

0- 

0-  D. 

<1 

i 

O 

1  —  1  1 

1  O  1 

X  O  1 

_  , 

•W  CO 

t 

I  I 

T 

t 

X 

o  o 

i 

1  1 

O 

1 

1 

c 

z  z 

i 

c 

1  I  1 

o. 

1 

c 

X 

i 

<L 

1  11 

E 

U 

I 

1 

3 

i 

1  1  1  LU 

o 

i: 

t 

"0  v- 

i 

1  o 

o 

\ 

1 

CO 

3  ft 

i 

u 

I  3 

1  1  1  IL 

ro 

1 

D. 

1 

CL  H- 

i 

in 

t  CJ 

1  1  1  K 

o 

1 

f- 

1 

i 

u 

1  \ 

1  1  1  \ 

0 

z 

1 

o 

Ot  CM  CM 

1 

c  Z> 

i 

3 

1  CM 

1  1  1  CO 

rt 

1 

o 

1 

o  — 

i 

TJ 

I  O 

1  1  1  o 

X 

z 

1 

CO  CO  CO 

1 

LL 

i 

0 

1  XI 

1  1  Sfr  !  z 

1  <0  1 

CM 

CM 

M3 

Q. 

1  to 

0 

O  O  O 

1 

LL 

X 

T 

t 

i 

c 

1  CL 

i  n  i  o  i  1 

i  a  i 

O 

D 

CO 

c 

ST 

1  o 

L 

Z  Z  Z 

1 

O 

t  o 

1  CO 

CL 

(0 

1  O  1  C  1 

i  z  t 

* 

L. 

—  CM 

C 

* 

*0 

1  N  II  X 

1 

O 

X  c  — 

(0 

1  to 

1  o 

o 

1  CM  1  CJ  1  — 

1  X  1 

03 

CO 

1  O 

« 

u 

1  ft 

i  a. 

ft  c.  ft 

1 

Z 

L  Oiro 

JD 

I  n 

O' 

i  1  O 

Z 

i  ft  i  *  i  ro 

C 

*D 

c. 

ro 

CM 

1  U- 

QD  CO  CD 

1 

F 

i  —  in 

CL 

1  CL 

1  X 

c 

1  CO 

X 

1  Ll  1  CD  1  — 

1  IM  » 

tn 

o 

to 

ft 

X 

1 

o 

1 

3  \ 

1 

1  X 

1  1  IX 

* 

X 

0. 

X 

CO 

1  o 

z 

o  o  © 

1 

tr 

—  Ol  CO 

o 

1  o 

t  in 

0i 

1  o 

T 

i  tn  f  O'  i  ro 

1  ©  t 

© 

in 

ST  O 

O 

m> 

I  X 

F 

in  in  tn 

CD 

CO  CO 

ro 

1  <x 

1  N  XI 

1  CM 

tn 

1  CM  1  N  1  in 

1  X  1 

CD 

M3 

X  X 

1 

CO 

<c 

1 

i  i  i 

C 

1 

CD 

1 

L 

i  i  i 

* 

ft 

1 

CM  CM  CM 

1  X 

1 

ft 

i  i  i 

C- 

ft 

1 

XXX 

1  «- 

xo 

0  (X 

t 

cn 

i  i  i 

CO 

ro 

ST  1 

t-  C-  L. 

1  c 

X 

f-  - 

z  - 

t 

c 

1  1  ! 

1 

N  N  N 

i  3 

L. 

c  c 

V  L 

I 

0 

i  i  i 

O' 

rt 

CL  C 

C  1 

\  \  \ 

i  — 

C 

3  ft 

4,  ~ 

1 

i  i  t 

1  z 

O 

L  E 

* 

ft  1 

1  (0 

3 

*-  *D 

T 3  • 

1 

i  i  i 

ft  0 

L. 

C.  1 

CO  CO  CO 

!  - 

CO  3 

3  Tl 

1 

0 

i  i  i 

CM 

X)  o 

CD  CD  1 

1  — 

CO 

o 

o  3 

1 

c 

t  t  i 

— 

— *  o 

3 

-  1 

1  * 

•*  — o 

-  CL 

Cl  CL 

1 

i  t  i 

6  o 

d  d  1 

in  tn  cm 

«  CD 

1 

ft 

i  i  i 

1 

L. 

c 

0.  C  2  2  1 

u_ 

IL 

IL 

IL  CD  » 

1 

i  t  i 

O' 

1  X 

O  « 

ft 

X 

1 

wo 

1  ll 

IL 

u. 

IL  O' 

1 

i  i  i 

i  m  i 

z 

1  F 

~  M3 

u 

ic  Ol 

1  — 

O  M3  CO 

1 

O'  — 

1 

ro 

1  C.  1  C.  1 

CO 

c 

CD 

X 

t  1- 

CM  —  — 

!  - 

(0 

1  10 

i  m  <i 

1  <0 

co 

1  N  1  N  1  03 

in 

o 

d  — 

ft 

ft 

T> 

1 

1  u 

O 

O 

O 

i 

<i 

1  1  1 

1  • 

Z  l 

3 

0. 

CO  ft 

\ 

t  o 

1  u. 

i  Z 

7- 

Z  C. 

Z  t- 

o 

t  o 

i  in  z> 

1  © 

o 

i  tn  i  —  i  O' 

1  CO  1 

M) 

m 

II 

co  a: 

CM 

I  CO 

LL 

—  — 

H 

F 

F  o 

F  O 

CM 

1  — • 

1  CM 

i  in 

rt 

1  M3  1  CM  1 

1  CM  1 

— 

M3 

O 

CO 

1  v  n  IO 

"0 

IM 

00 

ts 

o 

1  — 

1  CM 

1  co 

rt 

i  n  i  sc  i  n 

i  ro  i 

<x 

o 

_ 

2 

CM 

1  M  t  N 

CM 

CM 

CM 

CM 

CO 

t  CO 

1  CO 

I  CO 

<0 

l  co  i  to  i  to 

1  CO  1 

co 

sT 

sT 

7 


Table  2  Database  for  first  fire  and  pyrotechnic  compositions 


CO  1  CA  I  CO 

J  I  J  3 

to  I  to  t  to 


—  I  —  I  — 

•  I  ■  1  • 

\  l  N  l  \ 


id  i  in  i 

Is*  i  o  i 

-O  I  N  I 

\  J  \  I 

CO  I  10  t  O 

in  i  —  i  "0 

in  i  'O  i  in 


m  i  o  i  to 

'O  I  C)  I  'O 

N  I  V  l 


\  l  \  I  \ 

tfi  I  lA  I  tfl 

IS  I  N  I  ID 

.  I  .  I  . 

—  I  O  I  — 


DC  I  CO  I  QC 
Z  I  o  »  2 

X  I  X  I  X 

co  i  co  j  cd 

u  i  o  i  u 


in  i  <-  i  o 

-  i  -in 

•  t  o  I  * 

M  -  I  O- 


— «  I  (S  I  cs 

i  i  n  i  is 

h-  i  **  i  oo 

•till 

n_  t  o.  i  cl 

q  i  a  i  o 


O  I  O  I  o 

C  »  L.  I  L 

O  I  O  I  CJ 


I  CD  f  CD 

CD  I  I 

I  O  I  O 

in  i  —  i  — 


to  i  to  i  to  i  to  I  (ft 

j  I  D  I  J  I  D  I  3 

CO  I  CO  l  (ft  l  to  l  CO 

-  I  -  I  *  I  *  I  * 

a  i  a:  i  a  i  a  i  a 

<r  i  <r  i  <t  i  <i  i  <i 

U  I  O  I  U  I  U  I  u 


CM  I  S3  I  I  I 

0  10-1  I  I 

to  I  CM  I  I  I 

C  1  C  I  C  t  C  I  c 

-l-l  —  i  —  l  — 

\  I  \  I  \  I  \  I  \ 

tft  I  If)  I  rt  I  tf  1  Ift 

in  i  o  i  n  i  in  i  in 

.  i  .  i  .  i  .  i  . 

—  I  CM  |  M"  I  *0  l  00 


tr  i  a  i 

Z  I  Z  I 
\  I  \  I 
CD  »  CO  I 
O  I  o  l 


CM  t  I  I  X  I  X  I  X 

«  I  I-  I  <  I  tf  I  « 

I  l  .  1  _  I  —  I  — 

LL  l  Q.  I  Qf  I  Cl  a* 
O  I  u  I  O  I  O  I  O 


I  I  CO  J  D  I  to 

I  I  O  I  O  I  o 

I  I  CM  I  CM  I  CM 

I  I  £.  I  C.  I  L. 

I  I  O  I  O  I  U 

I  I  X  I  X  I  X 

I  I  T  »  CM  I  CM 

I  I  O  I  O  1  O 

I  icicle, 
i  i  u  i  o  i  a 

i  rr  i  *  i  k  »  <« 

O  I  O  I  CD  I  CD  I  CO 

C  I  C  »  I  I 

U  I  O  I  -'I  ~  1  -- 

ft  I  K  I  m  |  N  Mr 

CD  I  OQ  I  M  I  ff  I  c 

I  I  X  I  X  I  X 

ifj  i  -  I  T  I  <r  I  -H 

CO  I  CO  I  1  I  V  I  C 


tDICDia>IODIGDI3>3 


CO  I  10  1  (ft 

3  I  D  I  j 

if)  t  (0  1  (ft 

•  I  •  I  • 

cc  i  cc  i  a: 

<l  i  <r  i  <r 

o  i  o  i  (J 


O  I  'O  I  CM 

to  i  in  i  'O 

CM  I  N  |  01 

C  I  C  I 

—  I  —  I  c 

X  l  X  I  ~ 

It)  I  CO  I  X 

CM  I  V  I  lA 

*  I  *  I  (0 

CM  I  CO  I  — 


I  C  I  U 

tail® 

O’  I  ft  I  OD 

o  i  a  i  - 

Cl  I  CM 

U  1  —  I  « 

n  i  m  o 

a.  i  to  i  co 

i  \  i  \ 

in  i  o  i  n 

'T  I  CO  I  CO 


K  CO  I  I  t  -  I 

CM  I  ID  I  CO  1  CM  1 

co  ^  i  in  i  to  i  co  i 


I  (ft  I  CO 
13  13 
u  I  to  I  It) 

—  i  *  i  * 

x  i  tn  a; 

O  I  <L  I  <X 

h  I  o  I  u 


c  i  c  i  c 

—  i  —  i  — 

X  I  X  I  X 

ia  i  in  i  to 

in  i  in  i 


ID  I  ID  I  — 

-  I  •  I  N 

CM  I  O  1  • 

CM  I  -i  I  O' 

X  I  I  ID 

—  t  I  CM 

X.  1  CM  l  I 

X  I  I  I  CL 

ft  1  I-  I  x 


1  I 

I  O  I  O’ 

I.  ~  !  O 
I  O  I  — 

1^10 
I  \  I  1 

I  «T  I  \ 

I  O  I  *T 

I  C  I  O 

Idle 
I  «  I  (J 

i  co  i  <« 

CM  I  I  CD 

O  I  —  I 

D  I  CM  I  — 

CL  I  CM  I  CD 

I  \  l  \ 

CM  I  CM  I  O 

N  It  I  N 


I  fM  I  M  I 

C  I  — '  I  —  T  00 

n  i  -  i  n  i  m 

i  to  i  —  I  | 

®  I  X  I  X  I  CM 

CM  !  ID  I  ID  I  CO 


CD  0)0'  I 
*  •  I 

co  <x  in  i 


O  1  O  I 

O  I  O  I 

"0  1  *0  I 

I  I  I  I  o 

a.  i  a.  i  cd 

LL  1  U.  I  I 

CL  I  tL  I  Z 


I  1  CM 

I  I  CO 

to  i  i  ja 

O  I  10) 

Z  I  l  X 

X  I  10* 

I  I  o 

oi<ri  — 
CM  I  O  I  O 


—  i  i  m 

O  I  o  *  * 

y  i  tr  i  co 

III  v*. 

D  I  W  III 

CM  |  CO  I  >0 


8 


Table  2  Database  for  first  fire  and  pyrotechnic  compositions 


rt  o! 
X  o: 


4>  O 

0>  V 

C-  o, 


ii 


& 


^  !o  ' 

xk ; 

rt  1  £ 

^  iO  ^ 

ro  1"  g 
UJ  P 
~  »X) 
at  i-J 

o 

O  1* 


0.1 


1 

1 

1  •  1  t  1 

1 

ll 

r 

1 

toil  1 

1 

fi 

t 

1 

toil  1 

1 

ll 

I 

l 

1  z  I  o  1  O  1 

1 

ll 

i 

f 

1  1  O  1  c>  | 

1 

ll 

1  n 

1 

»  1  I  Z  I  Z  1 

1 

ii 

1  O' 

i  a 

1  •  1  1  1  t  I 

1 

ii 

1  o 

I  -  1  _J  1  J  1 

1 

ll 

«  ir 

I  Z 

1  CO  1  CO  1  CO  1 

l 

n 

—  1  — 

i  — 

1  CO  t  —  1  CO  J 

1 

u 

j  • 

1*1*1  -  t 

1 

II 

1  ~  1  —  1  —  l 

1 

11 

\  1  X 

i  \ 

1  \  1  \  1  %  \  1 

1 

1 

i 

1  1  1  <L  1 

II 

o  i  a 

1  o 

i  <X  i  i  on 

1 

11 

i 

i 

ill  n 

1 

tl 

i 

i 

ill  n 

1 

II 

i 

1  CO 

iii  i 

1 

II 

i 

iii  i 

1 

i 

i  in 

iii  i 

1 

II 

t 

i  \ 

iii  i 

1 

II 

1  <x 

t 

1  O  1  O  1  o  —  © 

1 

II 

i  v 

I 

1  ©  1  V  1  —  CO  ©  i 

1 

II 

1  CO 

i 

1  M-  1  *0  1  M)  M-  1 

1 

fl 

1 

i 

III 

1 

» 

i 

1  1  *0  1 

1 

11 

I 

i 

1  i  in  i 

1 

II 

1 

t 

1  1  <T  1 

1 

1 

i 

i  t  —  I 

1 

II 

1 

i 

I  i  i 

1 

II 

1 

i 

t  i  i 

1 

1! 

1 

i 

i  i  i 

1 

II 

1 

i 

i  i  i 

1 

II 

t 

i 

i  i  i 

1 

II 

1 

i 

i  i  i 

1 

1! 

1 

I 

i  i  i 

1 

1 

i 

iii 

1 

II 

I 

I 

ill  ii 

1 

II 

1 

i 

lit  i 

1 

II 

1 

i 

iii  I 

1 

II 

1  CK 

t  CO  1  <S  1  0*0  1 

1 

II 

1  -> 

1  CM 

l  -  1  —  1  CM  -  | 

1 

U 

1 

1 

III 

1 

II 

i  tr 

1 

III  1 

1 

II 

cl  i  z 

1  CL 

1  CL  1  CL  1  CL  CL  I 

» 

n 

Z  1  N 

1  Z 

1  Z  1  Z  1  z  z 

1 

it 

\  l  « 

1  X 

1  N  l  \  1  N  N.  1 

1 

ii 

CL  1  t_ 

1  CL 

I  CL  I  CL  1  CL  CL  1 

ii 

Z  1  o 

1  z 

1  Z  1  Z  1  Z  z  1 

1 

ii 

1 

1 

III 

1 

ii 

1 

1 

III 

1 

ii 

t 

l 

III 

1 

1 

1 

»  in  i  in  1  in  i 

1 

ii 

in  i 

1  CM 

1  CM  1  CM  1  CM  CM  ||  CM 

1  CM  CM 

CM 

CM 

ii 

l  00 

1  O  1  O  1  ©  O 

o 

1  ©  o 

O 

O 

ii 

CM  l  O 

f  •  |  -  t  ■ 

* 

1  •  ■ 

• 

• 

ii 

—  1  ID 

|  —  |  •  I  — •  —< 

1  — « 

*— 

— « 

ti 

A  I  A 

1  —  1  —  1  — 

— * 

I  —  — ' 

*" 

n 

J 

1 

»  O  1  CD  1  O 

1 

ii 

1 

1 

1  O  1  CM  1  *0 

1 

ii 

1 

1 

, 

1 

1! 

1 

1 

1  d  1  V  1  IM 

1 

1! 

^  t 

1 

i  cl  I  i  cr 

to 

1  K  is. 

© 

II 

1  o 

|  M  |  <3-  |  (M  —  ~ 

CM 

1  CM  CM 

m 

CO 

11 

—  1  H 

i  in 

1  -  1  MT  1  CS  W  • 

ro 

II 

«>  i  cl 

j 

1  U.  1  M-  1  —  M-  IL 

Z 

!  r  e 

Z 

in 

u 

a.  l  - 

•  ' 

II 

o  t  — 

i  i 

l  —  lllll  — 

— 

t  — -  «— 

«— 

— -  * 

II 

C  1  — 

i  > 

1  -  1  >-  l>*>  — 

— 

i  —  — 

— 

— 

ll 

CL  l  — 

1  U- 

i  **  1  IL  r  U.  U.  — 

*■* . 

i  —  •— 

— 

*** 

II 

'  i 

» 

•  .  t  u 

i 

„ 

I 

i 

III  <1 

i 

11 

i 

1 

1  tt»  l  0)  1  «> 

! 

i 

II 

t 

i 

ICICI.  Cl. 

i 

II 

i 

i 

10(01  0  O 

i 

II 

l 

~  1  *'  1  *»  1  +*. 

i 

II 

i 

CM  1 

cm  i  o;  i  tt>  i  -m>  y: 

i 

i 

II 

1 

CO  1 

(0  1  O  I  V  1  U  UJ 

i 

II 

j 

3C  | 

*  J  <L  1  <L  I  ,.<c  Z 

i 

II 

!  1 

TJ  1 

XI  I  1  l  — 

i 

n 

£_  l  OC 

L  1  <1  I  1 

i 

ii 

1 

0  1  <1 

O  1  1  M)  I  S) 

1  *>0 

1  *0 

>0 

ii 

1 

U  !  <£ 

U  1  C  1  —  1  — 

ii 

1 

t  ce 

o  I 
£_  1 

*  1  0  1  —  N»  ±  c. 
t.  1  +*  I  > — 'tr  « 

1  M- 

1  *T  CL 

CL 

f 

ii 

ii 

i  <x 

i  in 

1  -  1  £  1  £  V 

e 

1  E  <X 

<r 

£ 

n 

1  <1 

a>  1 

9>  i  :>  i  «  i  «  >. 

i  <* 

1  rt  <x 

<t 

rt 

ii 

1  :> 

Or  1  T 

a.  1  1  -1  1  -J  X 

i  .j 

1  J  > 

> 

_l 

n 

CO  1  1 

co  i  in  i  i 

1 

ii 

1  Cv 

1 

1 

1 

~  I  5T 

1 

I 

1 

^  i  —  i  in  i  O'  N 

i  I  I 

i  i  I 

t  in 

»  m  m- 

i 

i 

i 

M- 

u 

n 

ii 

1  Oj 

1 

i  I  i 

i 

n 

1  C 

1 

i  I  i 

i 

n 

t  rt 

1 

i  i  I 

i 

ii 

t  C 

1 

i  t  i 

i 

ii 

1  <c 

l 

I  t  l 

i 

ii 

1 

1  t  I 

o 

i 

O 

ii 

1  u 

1 

I  t  i 

=► 

i 

r> 

it 

1  Oj 

1 

I  1  I 

a 

i 

OL 

.ii 

1  o 

1 

i  1  1 

i 

ii 

1 

1 

i  i  t 

-0 

i 

in 

ii 

1  fK 

I 

1 

1 

1 

1 

1 

1 

i  l  i 

I  i  l 
i  i  i 
i  i  I 

i 

i 

i 

i 

ii 

J 

1 

1  I  I 

I  CM 

i 

CM 

u 

1 

1 

1 

l 

I  I  I 

I  1  I 

1  1 

1  - 

i 

CD 

JL 

ii 

n 

1 

1 

I  1  i 

1  u 

i 

L. 

a 

ii 

1 

1  CO 

)  i  i 

t 

i 

(D 

l 

I  o 

(  i  i 

1  - 

i 

ro 

u 

1  CM 

)  Z 

t  I  i 

CM 

» 

CM 

L. 

ii 

1  <0 

i  i  l 

i 

O 

i 

1  CO 

«  Z 

1  C  1  1 

CO 

i 

CO 

ii 

1  O 

1  O  1  CO  1  coco 

o 

1  CO  CO 

o 

CO 

6 

1  Z 

t  in 

1^10(00 

z 

1  o  o 

z 

o 

a 

1  ~ 

IM-IZIZZID 

v  ^ 

1  z  z 

z 

u 

j  t_ 

i  rv- 

1  »  1  «  1  <  <U. 

«  £ 

1  rt  rt 

L. 

rt 

u 

i  a> 

t  'S' 

1  h  j  Z  j  ZZK 

a  s 

i  z  z 

U) 

z 

i 

i  v 

i  ©  i  ro  i  ^  m  © 

>0  CO 

1  CK  — 

CD 

i  «■ 

i  ro 

1  —  1  CO  1  CO  V  CM 

o-  ~ 

1  CM  CO 

M- 

ll 

i 

I 

i  t  I 

c  N  1  N  N 

K 

N  TM 

o 

t 

I 

i  t  I 

L. 

0  *0  1  M>  M> 

MJ 

>0  *0 

> 

l 

i  f  i 

0 

©  1  -  o  o 

© 

O  © 

i 

i 

i  t  I 

O  M-  1  C  V  V 

rt 

M-  rt 

i 

l 

i  t  t 

- 

N  CM 

—  1  o  —  — 

i  o> 

i  i  i 

'O  © 

.  1  -  V  V 

C  1 

I  Z 

1  1  1  o 

1  0  ©  CO 

Q.  1  4*  M  _ 

m  i 

i  i  i  z  c* 

ID  1  —  X  X 

X 

XU! 

—  I  CB 

l  o 

I  O'  1  CB  1  z 

o 

CL 

*  i  «n  j—  |— 

H- 

h-  o 

—  1  Z 

i  m 

1  Z  »  Z  1  O 

-■  in 

W 

—  i  o  o  o 

o 

o  © 

*  1 

i  \ 

I  i  i  no 

-  N 

a 

in  i  am  in 

m 

in  — 

a  i  o 

1  o 

1  O  1  ©  1  sin 

toco 

-  !  E  \  \ 

\ 

\  \ 

O  1  ID 

1  CM 

i  in  i  n  i  o\ 

3  CO 

Z>  t  0  o  o 

© 

©  o 

a 

L  1  \ 

1 

1  \  1  \  !  Wo 

LL 

—  1  U  CO  CO 

CO 

co  in 

ii 

CL  1  o 

i  to 

1  ©  1  O  1  CM  O' 

O'  1 

1 

11  O'  O'  1 

O' 

o»  cn  t 

I  CO 

1  M> 

1  CO  t  CO  1  IK  Z 

•  z 

X 

X 

x  *zz 

1 

Z 

Z  Z 

c 

O  1 

1  1 

1  1  1  *X 

** 

r  r  r  1  *» 

1 

tl 

CO  1  CM 

1  CO 

1  10  1  ©  1  »  *0  W 

CL  to 

•  i  a.  -o  in 

1 

CO 

ro  © 

H 

z  •  -» 

1 

1  M  ID  1  OC'O 

o  CO 

rt  JD 

ui  O'O'O 

1 

CO 

CM  CM 

H 

CK  !  O 

1  N  1  CO  1  ID  -0  1 

N 

1  CD  L. 

1 

CK 

O  # 

R 

M3  1  N 

1  N 

1  N  1  K  1  N  K  K  1 

N 

1  N  O 

1 

N. 

ro 

U 

9  t Ac  *  ^ 

I  -  <  -  C  6 

*  9  CL.  -  •  CTJ  * 

a.i^0  -  —  e>  o  *  —  fc 

"  ~  N  * 


N 


1^3*3*  ::*n« 

m  .*  3  ■d  |T>  c*go  e 

o|-  c  flic  B  w  »  o  * 

-  I—  D  ul  Oj  «r  c  l>  L  V  »  DC 

fcsLkgJs 

ssi-a**  *ss.:£: 
l||l  slf 

—  -  -  • 

-  w  U  *  *1»  IlE 

X  e  -in.  —  ■oj  •  *1. 

”»  •  •Jjo'e  3a  eMt 

—  *-  oj  «  —1  ■  o,— itr 

SsJSsfktfqs 

‘Su3£ll 


■1  0  V  C 

■**  —  JO  O 

—  •£  V 


“  *  3  t 


*  r.iKaSffl 


c  Oj  o—o  —  *  » 
"•  3  ‘  -  6  4 


■s3lrz*'ts  s*a  iwfi 


l.  *  •  —  U 


u  -  _ 

«  f«  -  OD  oioloi  fcJ-J  CL  —  -  o.*fo  -c 

C  c»«&36|*iy  DC—  StOO 

6  •  •>  bJ—  ulaJoi  «Jmt  *o 


m3 


9 


Table  2 
(cont) 


Abbreviations 


E.  Sta. 

=  Electrostatic 

Pyro 

=  Pyrotechnic 

J 

=  Joules 

Hexachl’b 

=  Hexachlorobenzene 

Fric.  P 

=  Friction 

TNC 

=  tetranitrocarbazole 

BR 

=  Burning  rate 

PvCI 

=  Polyvinyl  chloride 

Ig.  Temp 

=  Ignition  temperature 

LAM 

=  Laminae 

Compat 

=  Compatibility 

Cel 

=  Cellulose 

Comp 

=  Composition 

Pwd. 

=  Powder 

Uncon 

=  Unconfined 

Ty 

=  Type 

Con 

=  Confined 

Tef 

=  Teflon 

F 

=  Fiber 

P.ester 

=  Polyester 

PA 

=  Picatinny  Arsenal 

CaRes 

=  Calcium  resinate 

Rec 

=  Recation 

Sps,  Spks,  Spk 

=  Sparks 

DTA 

=  Differential  thermal  analysis 

Pb 

=  Partial  bum 

Gr 

=  Group 

Propel’t 

=  Propellant 

Haz 

=  Hazard 

TFE 

=  tetraflouroethylene 

BM 

=  Bureau  of  Mines 

Cl 

=  Class 

Exp 

=  Explodes 

Sp 

=  Specification 

Cra,  Cr 

=  Crackles 

El 

=  Ellipsoidal 

NR 

=  No  reaction 

Opt 

=  Optimal 

St. 

=  Stearic 

Snp,  Snps 

=  Snaps 

St. 

=  Starter 

Mod 

=  Moderate 

B 

=  Binder 

BOE 

=  Bureau  of  Explosives 

Solu 

=  Solution 

Nc 

=  Nitrocellulose 

pts 

=  parts 

Ace 

-  Acetone 

Tox 

=  Toxic 

Si-Mod 

=  Slight  to  moderate 

ERL 

=  Energetics  Research  Laboratory 

Bk. 

=  Black 

B.Acetate 

=  Butyl  Acetate 

CD 

=  Complete  detonation 

CAR.  SUS 

=  Carcinogen  suspect 

MEK 

=  Methyl  Ethyl  Ketone 

CB 

=  Complete  burning 

D.earth 

=  Diatomaceous  Earth 

E.  Acetate 

=  Ethyl  acetate 
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Table  3 

Candidate  first  fire  compositions 


Nominal  weight  percent 


Constituent 

Requirements 

SM-XXV  .  .. 

1M-6 

1-548 

Silicon 

MIL-S-230 

Grade  II,  Class  C 

25.7  ' 

40.0 

— 

Potassium  nitrate 

MIL-P-156 

Class  1 

34.6 

54.0 

— 

Charcoal 

JAN-C-178 

Class  D 

4.0 

— 

” 

Aluminum  powder 

MIL-A-512 

Type  II,  Grade  C,  Class  4 

12.8 

— 

— 

Red  iron  oxide 

MIL-l-275 

Grade  D 

21.7 

— 

— 

Nitrocellulose 

MIL-N-244 

Grade  D 

1.2 

— 

— 

Viton  A 

Commerical 

— 

6.0 

— 

Strontium  peroxide 

MIL-S-612 

Grade  B 

— 

— 

65.0 

Calcium  resinate 

MIL-C-20470 

Type  II 

— 

— 

7.0 

Calcium  resinate 

MIL-C-20470 

Type  1 

— 

— 

13.0 

Magnesium  powder 

MIL-M-382 

Type  III,  Granulation  12 

— 

— 

15.0 
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Table  4 

Static  tunnel  (ARDEC)  data  for  various  illuminant  assemblies 
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Table  5 

Static  tunnel  (LHAAP)  data  for  standard  and  candidate  illuminant  assemblies 


Assembly 

First  fire 

No.  assemblies 

Average 
bum  time,  sec 

Average 

candlepower 

M127A1 

FF-I 

20 

34.0  ±  0.8 

114,100  ±5,890 

M127A1 

SM-XXV 

20 

31.0  ±  0.9 

135,10019,010 
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Table  6 

Ballistic  data  for  signals  conditioned  at  -65°F 


14 


Bum  Time,  seconds  Maximum  39.1  38.7 


Table  7 

Ballistic  data  for  signals  conditioned  at  70°F 
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Table  8 

Ballistic  data  for  signals  conditioned  at  165°F 


Requirements 

<N 

cn 

32 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Ml  27  with  SM-XXV 
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828±34 
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4.0±2.5 

O 

r-H 

0.67±0.08 

0.83 

0.53 

cn 

A1 

* " 1  ■< 

m 

35.1 

28.8 

#  Fired 

#  Functioned 

Average 

Maximum 

Minimum 

Average 

Maximum 

Minimum 

Average 

Maximum 

Minimum 

Average 

Maximum 

Minimum 

Altitude,  feet 

Angle,  degrees 

Chute  Delay,  seconds 

Bum  Time,  seconds 
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